Kaon Listings

Cheng-Ju Lin (LBNL)
Giancarlo D’Ambrosio (INFN)

11 October 2008



Main Cast
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Encoder: Giancarlo D’Ambrosio (INFN, theorist)
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Editor: Piotr Zylar (LBNL)

Advisor: Tom Trippe (really really retired)
Thank you Tom for your countless years of service
and leadership to the Particle Data Group !!

Mini-Review authors:
M. Antonelli (INFN), E. Blucher (U. Chicago), G. D’Ambrosio (INFN),
C.-J. Lin (LBNL), L. Littenberg (BNL), W. J. Marciano (BNL),
T. Nakada (PSI), T. G. Trippe (LBNL), G. Valencia (lowa State U.),
L. Wolfenstein (CMU).



New for RPP 2008

For K*, K%, K, and K| :

* Reviewed ~40 publications and encoded ~100 measurements
(Main contributors: NA48, KTeV, KLOE, KEK-391a, ISTRA+, etc.)

* Completely re-written mini-review on “CPT Invariance Test in Neutral
Kaon Decays”

* “Rare Kaon Decays” and “V, V,, Cabibbo Angle, and CKM
Unitarity” mini-reviews have been extensively updated

* Updated “CP Violation in K, Decays” and “K, ; Form Factors”
mini-reviews



HEP community is scrutinizing the content
Below is an example inquiry soon after RPPO8 was released:

K+ fit (from M. Moulson)

The fit is said to use 31 measurements (of which the mean life, a decay rate, and 13 BR
quantities) and 1 constraint to determine 8 parameters. The constraint is that the BRs
included in the fit sum to unity. Note! When [ parse the tables, [ find 32 measurements
of 14 BR quantities, as listed below. Is one of the below data points not included in the
fit, or is the description of the fit wrong? Please see my note below on the BATLEY "0TA

data.
Measurements
No. Parameter Value Source

12.347(30) ns  Ambrosino 08
12.451(30) ns  Koptev 95
12.368(41) ns  Koptev '95
12.380(16) ns Ottt '7T1
12.272(36) ns  Lobkowicz '71

IS B = S
I I I B |

12.443(38) ns  Fitch '65
INz"="%x") 4.511(24) MHz Ford 'T0
8 BRuv) 0.6366(09)(15)  Ambrosino "06A
9 BRuv) 0.6324(44) Chiang '72

Kaon fits are now so complex, it’s difficult for readers to
fully comprehend the details !!!



K* Listing Highlights
* New lifetime measurement from KLOE. KLOE collaboration
qguestioned the validity of some old results

Errors_are blown up

WEIGHTED AVERA —
K* MEAN LIFE 1.2379:0.0021 (Errdf scaled by 1.9)

VALUE (1078 3) EVTS DOCUMENT D TECN  CHG  COMMENT f )
1.2380£0.0021 OUR FIT Errer includes scale factor of 1.9, A Values ab?ve of we»ghteddaverage. error,
1.2379+0.0021 OUR AVERAGE Errer includes scale factor of 1.9, See the ideogram '| |, :_':g izgacig':nc:%;i{e -?::3 afeng,mng:;? B
l.:elow_ 5 ) . ot 1— | [ | sarnly the same as our 'best’ values,
: : . = 07 obtzined from a least-squares constrained fit
1.2451+0.0030 a5 K at rest, U target [ | utilizing measurements of other (related)
1.2368+0.0041 KOPTEV a5 K at rest, Cu target [ | quantities as additional information.
1.2380+0.0016 oTT (gt K at rest
1.2272+0.0036 LOBKOWICZ 69 K in flight | '
+0.0038 2 O5h at rest [ .
e o o We do not use the following data for averages, fits, limits, etc. g o " | x“
1.2415+0.0024 400k O KOPTEV 95  CNTR at rest —4— | AMBROSINO 08 KLOE 1.2
1.221 +0.011 FORD 67 CNTR + f \ KOPTEV G5 CNTR 5.7
1.231 +0.011 BOYARSKI 62 CNTR + g\ KOPTEV g5 CNTR 0.1
/] -+ oTT 71 CNTR 0.0
—/ LOBKOWICZ 62 CNTR 829
\ FITCH 658 CNTR 28
186

i inties ???
Under estimated uncertainties ?7?* R— -

{ r / ‘ l \ |
.21 1.22 1.23 1.24 1.25 1.26 1.27

K= mean life (1078 g)

* New BR measurements

* Re-organized the Dalitz plot fit



K° Listing Highlights

* New K° mass measurement from KLOE
 New measurements on CP(T) violation parameter

* Updated K° K® mass difference:

Mo = M| / Maverage

ey S0
'ff W 95% CL A test of CPT invariance. "Our Evaluation” is described in the "Tests of
.,‘ B 68% CL Cons«‘:v-._-.:_tion L.':ws"'sec'.ion. It Jssuvf'es CI?T infe.':r-.mce i'f the decay and
=~ neglects some contributions from decay channels other than = .
c 10
< VALUE L% DOCUMENT ID - TECN
<8 x 10~19 50 PDG 08 |
e o o We do not use the following data for averages, fits, limits, etc. o o @
(-3 +4)x 1018 18 ANGELOPO... 998 RVUE
0 18 ANGELOPOULOS 998 assumes only unitarity and combines CPLEAR and other results.
o Strong constraint on CPT

-10 0 10
AM (10 GeV]

(M. Antonelli & G. D’Ambrosio)

Note: Need to unify the mass difference result between
the mini-review and listing



K, Listing

e Ks was short and sweet for RPP2008

* One new branching ratio measurement from NA48:

I(7* e¥ ve) /Meotal g/l
VALUE (s 10-%)  EVTS  DOCUMENT ID TECN  COMMENT

7.04 £0.08 OUR FIT

7.04 £0.08 OUR AVERAGE

7.046+0.1840.16 32 BATLEY 070 NA48  KO(KO)(1) — wew |
7.05 +0.09 13k 23 AMBROSINO 06c KLOE Not fitted

6.01 +034+0.15 624 ¥ ALOISIO 02 KLOE Tagged KZ using 6 — K K2

e o o We do not use the following data for averages, fits, limits, etc. e o o

72 +14 15 AKHMETSHINGS CMD2 Tagged KE using ¢ — K§ K2



K, Listing Highlights

* Very active section. Many new branching ratio measurements
* Reorganized K, form factor section and introduced an additional

form factor parametrization:

The dispersive parametrization is
Fo(t) = £ (0) expl & (AL + H(D) ):

m?_

fole) = 7 (0) exp| "y (In[Q] - G(e)) ].

.

where A is the slope parameter and In[C | = In[ f5 {m%( - mg )]

is the logarithm of the scalar form factor at the Callan-Treiman point.

H(t) and G(t) are dispersive integrals.

* CP and CPT fits updated using
new automated fitters (inputs are
largely unchanged)

We can now generate pretty plots
like this without having to manually
enter fitted results into the database

7

0.888 0.892 0.896 0.900 0.504



Kaon Fits

* For RPP08, we have moved (or kludged) the entire Kaon fits in
the RPP fitter framework. In the past, many fits were done in
Excel spreadsheets and then hardcoded into the database

* The current (archaic) fitting framework is very restrictive. Cannot
do a proper global CP violation fit at the moment

1/2

BOKO — wba! » .
e |= 2L =TT o ] . For example, would like to
l » T .
S fit CP parameters and BRs
o [BEL 7w ) ] " simulataneously in a global fit
) — —
B(KZ — V=)

e Can try to kludge the current framework some more to improve
the fitting method. But the lasting solution is to develop the
proper fitter in the new framework as part of the computing upgrade



Concluding Thoughts

* Kaon physics has played historical roles since the 50’s. The field
continues to produce important results to this day

* PDG has to keep up to meet the needs and expectation of the
community :

- Simplify and automate the system to avoid making mistakes

- Improve documentations in the listings to avoid confusing
the audience

- Examine the relevance of some of the mini-reviews

- Desperately need the new computing upgrade/framework
to streamline the fits and eliminate the kludges

 Look forward to an even better RPP 2010 !!!



Additional Slides

Theoretical Considerations in Kaon Results

Highlights from Giancarlo D’Ambrosio’s
PDG Collaboration Meeting Talk



G. D'Ambrosio Kaons

K — wlv and CKM unitarity

I"’frudl2 + ”’11\ 2 =+ |"‘fub|2 =1 Lrlll—’ negllglble

e Superallowed transitions = |V,4| = 0.9738 + 0.0003 Uni.

V,o[Um% = 0.2275 4 0.0012
‘f’ruﬁ PDG04 = 0.2196 4+ 0.0026 Leutwyler,Roos
V,o[PPGO6 = 0.2257 + 0.0021

Vs |FPEO8* = 0.22461 4 0.00048

All K's

%4 Unit.

us

Recent data on Vs agree with

PDG meeting, CERN 10th October 08 2

Direct V,, measurements are now more consistent with
unitarity constraint!



G. D'Ambrosio Kaons

[(Kis) = Ni[Vus[*| £+ (0)[2(1 + 6700) L (A, Mo)

e Kaon revolution in 2004-2005: BNL E865, ISTRA ,KTeV, NA48 KLOE
I'(K};) all increased by 6% All Major KL BRs Changed! ex changed by
3.70

e After 06 NA48, KLOE improvements in semileptonic BRs

e NA48, KLOE R =T(K.0)/T(K ,2)

e Better understanding theoretically of the form factor f1 o(t) = f+(0)(1+
Ay ot/m2) linear — quadratic — pole — dispersive approaches

e Blucher Marciano review the actual status in PDGO08

PDG meeting, CERN 10th October 08 3



Determination of |V, [*/.(0)

Kaon WG
C’ G#My
1—‘(1(13(7)) - 192703 ‘SEW I V
0.215 0.2175
—_—— KLe3
Flavi A
" Kaon WG KL]I,3
. Ke3
+—— K*e3
f,(0)X Vg * K3
T 0215 02175

Average: |V

us

us

Kt

|2 I (OF1 K{(A'+,0) (1485 g0 +0% )

Aﬁ;ﬁox. contr. to % err from:

0.2164(6)

0.2170(6)
0.2156(13)

0.2174(8)

0.2177(11)

| £,(0) =0.2167(S5)

% err

0.26

0.29

0.62

0.38

0.51

T

I'l’(’l

0.09 0.19 0.11 0.09

0.10

0.60

0.26

0.40

0.18

0.03

0.13

0.13

0.11

0.11

0.25

0.25

Y/ndf = 2.83/4 (59%)

0.15

0.09

0.09

0.15

16 FlaviaNet: Measurement of Vus from K decays — B. Sciascia — CKMO08, Roma, 10 Sept 2008



Other ff : Ki->e™ ey, Ke->p* w vy, Ki->p"™ we™ e
® Relevant to uncover short distance to
Ki->p*™ @
® Expts measure two ff’s DIP and BMS

DIP: AKp —~"4") = Af".:f’,p

2 2 2 2
91 92 ) 9192
1 Y - - - - 3
e <qf “ME T @- Mg.) P E M (@ = M)

® We have different encodings for the different

channels: however if we assume lepton univ.
we could have a fit form all the channels



